Purpose: To analyze the dosimetric impact of x-ray source turn-on time and inter-dwell position transit times for application of the Axxent ® Electronic Brachytherapy System to APBI.
An example of the source turn-on sequence is shown in Figure 2 . The high voltage (blue line) ramps up to 20 kV over a six-second interval; then the filament current (burgundy line) ramps up until the beam current stabilizes at approximately 100 µA (nominally 17 seconds after turn-on). At this point the filament current ramp rate slows so the beam current can approach the final 300 µA operating point with minimal overshoot.
The treatment timer starts six seconds later when high voltage and beam current have reached their operating points (50 kV, 300 µA), 32 seconds after the sequence starts.
RESULTS

Turn-On Dose
The composite depth-dose curve is indicated by the blue diamonds in Figure 3 . This curve agreed within 1.5% from 0.4 to 5.0 cm to source operation for 5.8 seconds at 37.5 kVp (red curve).
Since treatment planning is done for 50 kVp source operation, the results were compared to the depth-dose curve for 2.5 seconds of source operation at 50 kVp (dashed curve). These curves agree within 1% at a distance of 3.0 cm from the source axis which would be the prescription point at 1 cm outside of a 4 cm diameter balloon.
The turn-on estimate of 2.5 seconds at 50 kVp tends to slightly overestimate the dose at distances beyond 3.0 cm and slightly underestimate the dose for smaller distances (most of which are within the balloon and not in tissue. 
INTRODUCTION
BACKGROUND
Transit Dose
The calculated doses from a standard treatment plan were compared to those from a treatment plan that included provision for dose delivery during source transit between reference points. The Standard Plan delivered an average dose of 3.36 Gy at seven prescription (reference) points 1 cm outside of a 4.4 cm diameter balloon using nine 0.5 cm steps. The locations of the reference points (A-G) are shown in Figure 4 . The doses delivered are shown in Table 1 , Column 2. For comparison, the delivered doses at the reference points with the transit time subtracted (Table 1 , Column 3) were calculated separately from delivered doses with dwell times equal to the transit times only (Column 4) with the source at eight dwell positions midway between the plan positions. The sum of the delivered doses is shown in Column 5. 
CONCLUSIONS
Treatment Planning for application of the Axxent ® Electronic Brachytherapy System to Accelerated Partial Breast Irradiation (APBI) was analyzed with regard to Turn-on Dose and Transit Time.
Turn-on dose may be approximated in treatment planning by adding 2 seconds to the first dwell time. Dose during source transit may be ignored when using a balloon applicator for APBI. The Axxent ® System consists of the X-ray source, the balloon applicator and the controller. The translation or pullback movement of the X-ray Source within the balloon applicator is designed to provide a predictable dose of radiation in the tissue surrounding the balloon. The Axxent ® System is characterized using the TG-43 protocol for use with treatment planning systems such as Varian BrachyVision.
Two characteristics of the Axxent ® System need to be considered when preparing treatment plans for Accelerated Partial Breast Irradiation (APBI).
• Turn-On Dose: At the first dwell position, the controller treatment timer starts when the source has ramped-up to the full operating voltage and beam current so the elapsed treatment time does not include any provision for a small "turn-on" dose. See This study analyzes the dosimetric impact of x-ray source turn-on time and inter-dwell position transit times for application of the Axxent ® Electronic Brachytherapy System to APBI.
The Axxent ® Electronic Brachytherapy System, developed by Xoft, Inc., is an electronic high dose rate brachytherapy device designed to be less labor intensive, shorten treatment time compared to external beam radiation and ultimately lessen patient discomfort.
The Axxent ® System does not require a heavily shielded environment, potentially bringing treatment centers closer to the patient's home. The Axxent ® System also eliminates the need for handling and disposal of isotope sources. 
Turn-On Dose:
To estimate the dose delivered during the turn-on time interval, MCNP5 was used to calculate depth-dose curves for source operating voltages from 20 to 50 kVp at 2.5 kVp intervals. These curves were then combined using the nominal time and beam current profiles.
Transit Dose:
To estimate the effect of the transit time on dose distribution, treatment plans were calculated in BrachyVision™ with and without provision for dose delivery during source transit.
The contribution during transit was approximated by reducing the times at the second and subsequent dwell positions by the transit time and then adding extra dwell positions at the midpoint between original positions with dwell times equal to the transit time.
The estimate of 2.5 seconds is consistent with the -2.0 second "timer error" observation of Turian, et al. 1 This is also very consistent with a measurement of equivalent dose of 2.0 seconds at 50 kV using a PTW 34013 ion chamber placed at a distance of 3.8 cm from the source within a water-filled balloon placed in a water phantom.
Hence, in treatment planning, the impact of turn-on dose may be accurately evaluated by adding 2 seconds to the first dwell position.
The ratios between the standard plan doses and those of the plan explicitly accounting for transit time (Column 6) agree to 1.1% or better at all reference points except G, a proximal point located very close to the balloon shaft.
This data shows that dose during source transit may be ignored when using a balloon applicator for APBI. 
